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(57) Abstract 

Compounds of general 
formula (1) are described 
wherein -W- is I) -C(Y)- 
where Y is a halogen atom, 
or an alkyl, or -X*^R> group 
where X* is -O-, -S(0)m- 
[where m is zero or an integer 
of value 1 or 2], or -N(R*)- 
[where R* is a hydrogen 
atom or an optionally 
substituted alkyl group] and 
R^ is a hydrogen atom or an 

optionally substituted alkyl group or, 2) =Ns X is as described above for X* or is a chain -CR-=C(R**)- or [-CH(R)]q-CH(R*>)- where R is 
a hydrogen or a fluorine atom or a methyl group, R^ is as described below for R^ and q is zero or the integer 1; R^ is 1) an optionally 
substituted alkyl, alkwiyl, cycloalkyl or cycloalkenyl group when X is -0-, -S(0)m- or -N(R«)-; or is 2) when X is other than -0-, -S(0)in- 
or -N(R«)-, a hydrogen atom, or an optionally substituted straight or branched alkyl, alkenyl or alkynyl, alkoxy, alkylthio, -CO2R' (where 
R^ is a hydrogen atom or an c^tionally substimted alkyl, aryl or aralkyl group), -CONR**^R" (where R^*> and which may be the same 
or different is as described for R^), -CSNR^^R^^ -CN or NO2 group; or R^ and R^ together with the carbon atom to which they arc both 
attached, arc linked to form an optionally substituted cycloalkyl or cycloalkenyl group optionally containing one or more X" atoms or 
groups; R3 is an atom or group R*^ or -L^R^^ where L^ is a linker group and R*^ is various substituents; R"* is a hydrogen atom or is as 
defined for R*; R^ is a hydrogen or a fluorine atom, or an OR* group where R*^ is a hydrogen atom or an optionally substituted straight or 
branched alkyl, alkenyl, alkoxyalkyl, alkanoyl, formyl, carboxamido, thiocarboxamido, cycloalkyl. or cycloalkenyl group; R* is a group 
-(CH2)aAr where Ar is an optionally substituted monocyclic or bicyclic aryl ring optionally interrupted by one or more heteroatoms -0-, 
-S' or -N- and n is zero or the integer 1, 2 or 3; R'' and R^, which may be the same or different, is a hydrogen or a fluorine atom, or 
an optionally substituted straight or branched alkyl group; and the salts, solvates, prodrugs, hydrates and N-oxides thereof. Compounds 
according to the invention are phosphodiesterase type IV inhibitors and are useful in the prophylaxis and treatment of disease such as 
asthma where an unwanted inflammatory response or muscular spasm is present 
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TETRA-SUBSTITUTED PHENYL DERIVATIVES USEFUL AS PDE IV INHIBITORS 



5 This invention relates to a novel series of tetra-substltuted phenyl 
derivatives, to processes for their preparation, to pharmaceutical 
compositions containing them, and to their use in medicine. 

Many hormones and neurotransmitters modulate tissue function by 
10 elevating intra-cellular levels of adenosine 3*, 5'-cyclic monophosphate 
(cAMP). The cellular levels of cAMP are regulated by mechanisms which 
control synthesis and breakdown. The synthesis of cAMP is controlled by 
adenyl cyclase which may be directly activated by agents such as forskolin 
or indirectly activated by the binding of specific agonists to cell surface 
15 receptors which are coupled to adenyl cyclase. The breakdown of cAMP 
is controlled by a family of phosphodiesterase (PDE) isoenzymes, which 
also control the breakdown of guanosine 3',5'-cycllc monophosphate 
(cGMP), To date, seven members of the family have been described 
(PDE 1-Vll) the distribution of which varies from tissue to tissue. This 
20 suggests that specific inhibitors of PDE isoenzymes could achieve 
differential elevation of cAMP in different tissues, [for reviews of PDE 
distribution, structure, function and regulation, see Beavo & Reifsnyder 
(1990) TIPS, 11: 150-155 and Nicholson et al (1991) TIPS, 1£: 19-27]. 

25 There is clear evidence that elevation of cAMP in inflammatory leukocytes 
leads to inhibition of their activation. Furthermore, elevation of cAMP in 
ainA/ay smooth muscle has a spasmolytic effect. In these tissues, PDE IV 
plays a major role in the hydrolysis of cAMP. It can be expected, 
therefore, that selective inhibitors of PDE IV would have therapeutic 

30 effects in inflammatory diseases such as asthma, by achieving both anti- 
inflammatory and bronchodilator effects. 

The design of PDE IV inhibitors has met with limited success to date, in 
that many of the potential PDE IV Inhibitors which have been synthesised 
35 have lacked potency and/or have been capable of inhibiting more than one 
type of PDE isoenzyme in a non-selective manner. Lack of a selective 
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.-...lor nroblem given the widespread role of oAMP in 
action has been a P^";^^^^^^^^^^^ 

Viva and what .s need d are potem ^^^.^^^ ^^^^^ 

inhibitory action against PDE IV ana uuie 

isoenzymes. 

^ . H » novel series of tetra-substttuted phenyl derivatives, 

We have now found a novel ser w i concentrations at 

members of which are potent ^^^^^ ^ pp^ isoenzymes, 

and treatment of asthma. 

Thus according ,o one aspect o. me ^venticn, v. provide a compound o< 
15 fomiula (1) 




20 



25 



30 



tr'"r« cm where Y is a halogen atom, or an alkyl. or -X=Bi group 
T if O sXUere m is zero or an integer of value 1 or 2] or 

r' is^^^ atom or an optionailv — alM 

- a «uor.e atom or a math, group, is 

as described baiowtor a„d "J^TZ^W <>' cycloalkenyl 

R2 is (1) an optionall, ="^7^^^^^^"^ J^en xYs -CR=C(Rb). or 

.l.CH(R)l,CH(R ) .s IZ) y ^^^^^ ^„^|,^i„, .coaRS 

straight or branched aW. J" ^^^^tuted alkyl. aryl or 

(Where R= is a ^^^J^^.^^^ „Hich may be the same 

aralM graup). -CONR«« J^, -R«R". -CN or HO, group: or R2 
or difterent Is as descnbed for R»), -t/t""" " • 
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and R*>. together with the carbon atom to which they are both attached, 
are llni<ad to form an optionally substituted cycloalkyi or cycioalkenyl group 
optionally containing one or more X« atoms or groups; 
R3 is an atom or group R^^ or -URi^ where U is a linker group and Ri3 
5 Is a halogen atom or an Alki [where Alk^ is an optionally substituted 
straight or branched alkyi, C2-6alkenyl or Ca^alkynyl group optionally 
intenupted by one, two, or three -0-. or -S- atoms or -S(0)p-, [where p Is 
an integer 1 or 2], or -N(Ra)- groups], or an amino (-NH2), substituted 
amino, nltro, cyano, hydroxyl (-0H), substituted hydroxyl, cycloalkyi, 

1 0 cycloalkoxy, fomiyl [HC(0)-], carboxyl (-CO2H), esterified carboxyl, thiol (- 
SH), substituted thiol, -C{0)Alki, .SO3H. -SOaAlki. -SO2NH2. 
-S02NHAIki, -S02N[Alk''l2, -S02NHAr [where Ar is as defined below for 
R6]. -S02N(Alki)Ar, -CONH2, -CONHAIki, -CON[Alki]2. -CONHAr. 
-CON(Alkl)Ar, -NHSO2H. -NAlklS02H. -NHS02Alkl, -NAIkl S02Alki , 

15 -N[S02Alkll2. -N(Alki)S02N(Alkl)Ar, -NHSO2NH2. -N(AIki )S02NH2, 
-NHS02NHAIkl, -N(Alkl )S02NHAIkl, - N H S 02N[Alki h. 
-NAIklS02N[Alkil2. -NHS02NHAr, -N(Alki)S02NHAr. -NHS02N(Alki)Ar, 
-N(Alki)S02N(Alki)Ar. -NHC(0)Alki. .N(Alki)C(0)AIki, -N[C(0)Alki]2. 
-NHC(0)OAIk-«. -N(Alki)C(0)OAIki, -Ar, -Net [where Met is a C5.7 

20 heterocycloalkyi group], -CONHef [where -NHet^ is a C5.7 cycloamino 
group optionally containing one or more -O- or -S- atoms or -N(Ra)- 
grpups], -S02NHet'', -NHS02NHef«. -CSAIki. -CSNH2, -CSNHAIki. 
-CSN[Alki]2, -CSNHAr, -CSN(Alkl)Ar. -NHC(S)AIki, -N(Alkl)C(S)Alk"«. 
-CSNHef group, -N[C(S)Alki ]2. -N[C(0)Alki]S02AIki. 

25 -N[C(S)Alkl]S02Alkl. -NHC(0)NH2, -NHC(0)NHAIk1. -NHC(0)N[Alk1]2. 
-N(Alkl)C0NH2. -N(Alki)C(0)NHAIkl. -N(AIki)C(0)N[Alki]2, -NHC(S)NH2, 
-NHC(S)NHAIki, -NHC(S)N[Alki]2. -N{Alki)CSNH2, -N(Alki)C(S)NHAIki, 
or -N(Alki)C(S)N[Alki]2. group; 
R4 is a hydrogen atom or Is as defined for B^, 

30 R5 is a hydrogen or a fluorine atom, or an ORc group where Rc is a 
hydrogen atom or an optionally substituted straight or branched alkyi, 
alkenyl, alkoxyalkyi, alkanoyi, formyl, carboxamido, thiocarboxamido, 
cycloalkyi, or cycioalkenyl group; 

R6 is a group -(CH2)nAr where Ar is an optionally substituted monocyclic or 
35 bicyclic aryl ring optionally interrupted by one or more heteroatoms -0-, -S- 
or -N- and n is zero or the integer 1, 2 or 3; 
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R7 and R= «hich may be the same or different, is a hydrogen or a 
fluorine atom, or an optionally substituted straight or branohed alkyl group: 
and the salts, solvates, prodrugs, hydrates and N^MOdes thereof. 

5 It Will be appreciated that compounds of fonnub (1) may have one or mo^e 
chiral centres depending on the nature of the groups X. R. R^. I^*, R , R . 
and R7 Where one or more chiral centres is present. enant,omers or 
diasteromers may exist, and the Invention Is to be understood to extend to 
all such enantiomers. diastereomers and mixtures thereof, mcludmg 

1 0 racemates. 

Compounds of fomiula (1) where X is a chain .CR=C(Ri>)- may exist as 
geometric isomers depending on the nature of the groups R, R» and R^ 
and the invention Is to be understood to extend .0 all such isomers and 
15 mixtures thereof, 

in the compounds of foimula (1). when Y is a halogen atom it may be for 
example a fluorine, chlorine, bromine or iodine atom. 

20 When =W- in the compounds of fomiula (1) is a group =C(Y)- where Y is a 
group -XaR', Ri may be. for example, an opttonally substituted strarght or 
branched alkyl group, for example, an optionally substrtuted Ci-ealky 
group, such as a methyl, ethyl, n-propyl or i-propyl group. OpUonal 
substitutents which may be present on Ri groups include one or more 

25 halogen atoms. e.g. fluorine, or chlorine atoms. Particular fl groups 
include for example -CHaF. ^HjCl, ^HFz. -CHC^. -CFa or -CCbgroups. 

When =W- in compounds of fomiula (1) is a group =C(Y)- where Y fe X>R' 
Twhich xa IS a .N(Ra). group. Xa may be a -NH-. -NCHa- or .NCH4- 
30 group. 

Alkyl groups represented by Ri. R^. R«. »' R« f "7"'' °' 
fomtula (1) include optionally substituted straight or branched C,^ alkyl 
groups. e.g. C,^ alkyl groups such as methyl or ethyl groups Opfonal 
35 substltuents on these groups include one, two or three substrtuents 
selected from halogen atoms. e.g. fluorine, chlorine, bromine or ,od«e 
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atoms, or hydroxy! or C^-e alkoxy e.g. C1.3 aikoxy such as methoxy or 
ethoxy groups. 

Alkenyl groups represented by R2, or in compounds of formula (1) 

5 include optionally substituted straight or branched C2^alkenyl groups such 

as ethenyl, propen-1-yl and 2-methylpropen-1-yl. Optional substituents 

include those described above in relation to the alkyl groups represented 
byR2. 

10 Alkynyl groups represented by R2, or R^ In compounds of formula (1) 

include optionally substituted straight or branched C2-6alkynyl groups 

optionally interrupted by one or more atoms or groups. Particular 

examples include ethynyl and propyn-1-yl groups. Optional substituents 

include those described above in relation to alkyl groups represented by 
15 R2 

When R2 or Rb or R2 and R^ together with the carbon atom to which they 
are both attached, are an optionally substituted cycloalkyi or cycloalkenyl 
group the group may be for example a Ca-ecycloalkyl group such as a 

20 cyciobutyl, cyclopentyl or cyclohexyl group or a C3.8 cycloalkenyl group 
containing for example one or two double bonds such as a 2-cyclo- 
buten-1-yl, 2-cyclopenten-1-yl, 3-cyclopenten-1-yl, 2,4-cyclopentadien-1- 
yl, 2-cyc!ohexen-1-yl, 3-cyclohexen-1-yl, 2,4-cyclohexadien-1-yl or 3,5- 
cyclohexadien-1-yl group, each cycloalkyi or cycloalkenyl group being 

25 optionally substituted by one, two or three substituents selected from 
halogen atoms, e.g. fluorine, chlorine, bromine or iodine atoms, straight or 
branched Ci-ealkyI e.g. Ci-aalkyI such as methyl or ethyl, hydroxyl or Ci. 
ealkoxy e.g. Ci-aalkoxy such as methoxy or ethoxy groups. 

30 When the group =W- In compounds of formula (1) is a group =C(Y)- in 
which Y Is a halogen atom Y may be for example a fluorine, chlorine, 
bromine or iodine atom. 

Particular examples of -(CH2)nAr groups represented by R4 and/or RS 
35 include -Ar. -CHaAr, -(CHajaAr or -(CHajaAr groups. 
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indenyl or Isoindenyl groups. 

r« «r hinucllc arvl group Ar contains one or more 
When me ''^'^'^.^^^.Zlo^^^^^-^-^ 
heteroatoms .1 may be for s^"^*^^ ' J ,„e„atoms selected 
group containing for example one, two. tnree or lou 

. I w BYflmole five- or six-membered neieroaryi 
heteroaryl groups mciude for examp^ ^ .^^eroatoms selected from 
groups containing one. two. three or tour neiero 
oxygen or sulphur atoms or a group -N(Ra)-. 

ovrdvl ovrimldinyi. pyridazinyl. pyraanyl, 1 ,3,5-tr,az,nyl, 1 .ZAtraany . 
0 Tat riaTrbenzofaryl, isobenzofu^i. benzomienyl, isobenzo.h.e.^y 
ndflv Tondolyl. benzimidazolyl, benzothiazolyl, benzo« 
; tli y napLyridinyl. pyrido,3,4.b,pynd,. PV'^^^blPi^y . 
pyridot4,3-blpyridyi, quinolinyl. Isoquinolinyl, tetrazolyl, 5.6,7,8-.etra 
hydroqulnolinyl and 5.6,7,8-tetrahydroisociuinolinyl. 

The heteroaryl group represented by Ar may be attached to the remainder 
d me mTl of formula (1) mrough any ring carbon or heteroatom as 
Of me moieouB ^^en me group Ar is a pyndyl group it 

ryr:tpy^c^'3~ when . . a thien, group 

30 TmCbe a Z-mienylTa-mieny. group, and. similarly, when . . a furyl 
group it may be a 2-f uryl or 3-furyl group. 

When in compounds of formula (1) the Ar group is a nitrogen-containing 
riwl It may be possible to fom. quatema^ salts, for example N- 
35 TCXrZ safts 1 me invention is to be understood to extend to 
ir is for example when me group Ar Is a pyndyl group, 
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pyridinium salts may be formed, for example N-alkyipyridinium salts such 
as N-methylpyridinium. 

The aryl or heteroaryl groups represented by Ar in compounds of formula 
5 (1) may each optionally be substituted by one, two, three or more Ri3 
substituents. 

When Ri3 in compounds of fonnula (1) is a substituted amino group it may 
be a group -NH[Alk"'(Ri3a)z] [where z is zero or an integer 1, 2 or 3 and 
10 Risa is as defined above for Ris but is not a substituted amino, a 
substituted hydroxy! or a substituted thiol group] or a group 
-N[AIi<i (R''3a)j2 wherein each -Alki(Ri3a)z group is the same or different. 

When R13 is a cycloall<oxy group it may be for example a Cs-ycycloalkoxy 
1 5 group such as a cyclopentyioxy or cyclohexyloxy group. 

When Ri3 is a substituted hydroxy! or substituted thiol group it may be a 
group -OAlki (R"'^)z or -SAIk">(Ri3a)z respectively, where Alk^, Ri3a and z 
are as just defined. 

20 

Esterifled carboxyl groups represented by the group Ri3 include groups of 
formula -C02Alk2 wherein Alk2 is a straight or branched, optionally 
substituted Ci-salkyl group such as a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, i-butyl, s-butyl or t-butyl group; a Ce-iaarylCi-salkyl group such as an 

25 optionally substituted benzyl, phenylethyl, phenylpropyl, 1 -naphthylmethyl 
or 2-naphthyimethyl group; a C6-i2aryl group such as an optionally 
substituted phenyl, 1-naphthyl or 2-naphthyl group; a Ce-iaaryloxyCi-ealkyl 
group such as an optionally substituted phenyloxymethyl, phenyloxyethyl, 
1 -naphthyloxymethyl, or 2-naphthyloxymethy! group; an optionally 

30 substituted Ci-aalkanoyloxyCi-ealkyl group, such as a pivaloyjoxymethyl, 
propionyioj^ethy! or propionyloxypropyl group; or a Ce-iaaroyloxyCi^alkyl 
group such as an optionally substituted benzoyloxyethyi or benzoyl- 
oxypropyi group. Optional substituents present on the Alk^ group include 
R13 substituents described above. 

35 
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particular examples o< -He. groups represented by Sr°"P B" in^J^e 

optionally substituted pyrrolyl, e.g. 

. j -wi 1 q Hinvolanvl m dazolinyl, e.g. 2-imiaazonnyi, 
pyrrolinyl. pyrrcl,d,nyl. J^^^-^^' py^nyi, e.g. 2- 

„n,dazoiidinyl ^^J'^-^'^^ 
5 or 4.pyranyl, pipendmy^ 1 ,4 dio y . jH-imidazolyl, 

thiomorpholinyl, piperaanyl, 1,3,5-tnttiianyi, py , .. . . 

dWolyl. e.g. 1. 2- or 1.3-ditt,ioiyi, oxatt^bl,^. e.g. 3H-1-2 

5H.1.2.5-0)(athiozolyl. 1.3-dtoxinyl, oxazinyl. e.g. 2H-1.3-. 6H-1,3-, 6H 1^ . 

1 4-2H 1 2- or 4H.1.4.oxazinyl. 1,2.5^xath-«zinyl. ,soxaz,nyl. e.g. -o- or p- 
' ' 1 cfi-oralhlazinvl. 1.3.5.2-oxadiazinyl, 

10 isoxazinyi. oxathiazinyl, e.g. 1.2,5-. 1.2.6 oxatniaziny . ... 

or 1 2 4.diazeplnyl groups. Optional substituents which may be present on 
sXoSde those subsUtuents discussed above in relation to «,e 
alkyi groups represented by R'. R^. R^. R' <" 

1R Examoles o) tile group Alkl in compounds of formula (1) include 
meZ ethyl tptopyl i-propyl. n-butyi. i-bu.yl, s-butyl. t-buty, 

or 3-butynyl groups optionally intermpted by one, two or three -O- or -S 
atoms or -S(0)-, -S(0)2- or -N(R=)- groups. 

'° Particularly useful atoms or groups represented by Rts include fluorine, 
cMorine, bromme or iodine atoms, or C,.ealKyl. e.g. methyl or emy C,^ 
a^lam no. e.g, methylamino or ethylaminc. ^i-a e^^ 
hydroxymethyl or hydroxyettiyl. C^lkylthlol e.g. metitylth,o or ethylth.ol. 
25 C, «aikoxv e g methoxy or ethoxy. C5.7 cycloalkyl. e.g. cyclopentyl. C5.7 
25 Ci.6alKoxy. e.g. ms ' , trifluoromethyl, Ci* 

cycloalkoxy. e.g. cyolopentyloxy. haiooi^iNy , 

alylamino. e.g. metiiylamino or ethylamlno. ammo ("NHa); «"'^°^,^^"<yl; 
eg ammcmethyl or aminoetityi, Ci.edlalkylaraino, e.g. d.rnethylammo or 
di tiiylamino, nftro, cyano, hydroxyl (-0H,, fcnnyi if^^^-^^ " 

30 CO2H). -C02Alk2 [Where Aik^ is as defined above], d-sa kahoyl e.g^ 
acet^ thiol -SH). tiiioCealkyl. e.g. tiiiomethyi or thioethyl optionally 
suSu* d phenyi or naphthyl (where the optional substituents are 
selerdt m one or more atoms or groups R'3 or L1R'3). a group -Het as 
u descnbed above, sulphonyl (-SO3H), C,.a»cylsulphony, .g. methyl 

35 sulphonyl, aminosulphonyl (-SOjNHd, C,^ alkylam.nosu phenyl e.g. 
X^hosulphonyl or ethylaminosuiphonyl. C,.d»mosu^:honyl, 
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e.g. dimethylaminosulphonyl or diethylamlnosulphonyl, phenylamino- 
sulphonyl, carboxamldo (-CONH2), Ci-ealkylaminocarbonyl, e.g. methyl- 
am inocarbonyl or ethylam inocarbonyl, dialkylaminocarbonyl, e.g. 
diniethylaminocarbonyl or diethylaminocarbonyl, phenylam inocarbonyl, 
5 sulphonylamino (-NHSO2H), Ci-e alkylsulphonylamino, e.g. methyl- 
sulphonylamino or ethylsulphonylamino, Ci-edialkylsuiphonylamino, e.g. 
dimethylsulphonylamino or dietliylsulphonylamino, aminosulphonylamino 
{-NHSO2NH2), Ci-ealkylaminosulphonylamino. e.g. methylaminosulphonyi- 
amino or ethyiamlnosulphonylamino, Ci-edialkylamlnosulphonylamino, e.g. 
10 dimethylaminosulphonylamino or diethyiaminosulphonylamino, phenyl- 
amlnosulphonylamlno, Ci-e alkanoyiamino, e.g. acetylamino, Ci^aikanoyl- 
amino, Ci-eaikyI, e.g. acetylaminomethyi or Ci-ealkoxycarbonylamino, 
e.g. methoxycarbonylamino, ethoxycaitonylamino, or t-butoxycarbonyl- 
amino, thiocarboxamido (-CSNH2), C1-6 alkylaminothiocarbonyl, e.g. 

15 methyiamlnothiocarbonyl or ethyiaminothlocarbonyl, Ci-edlaikylaminothio- 
carbonyl, e.g. dimethylaminothiocarbonyl or diethylaminothiocarbonyl, 
phenylaminothiocarbonyl, aminocarbonylamino, Ci^alkylaminocarbonyl- 
amino, e.g. methyiaminocarbonylamino or ethylaminocarbonyiamino, Ci- 
edialkylamlnocarbonyiamino, e.g. dimethylaminocarbonylamino or diethyl- 

20 aminocarbonylamino, aminothiocarbonylamino, Ci-salkylaminothio- 
carbonylamlno, e.g. methylaminothiocarbonylamino or ethylaminothio- 
carbonylamino, C1-6 dialkylaminothiocarbonylamino, e.g. dimethylamino- 
thiocarbonyiamino, or diethylaminothiocarbonyiamino. amlnocarbonylCi-e 
alkylamino, e.g. aminocartDonylmethylamino or aminocarbonylethylamino, 

25 aminothiocarbonylCi^alkylamino e.g. aminothiocarbonylmethylamino or 
aminothiocarbonylethylamino, fomiylaminoCi^ alkylsulphonylamino, e.g. 
fomiylaminomethylsulphonylamino or formylaminoethyisulphonylamino, 
thioformylaminoCi-ealkyisulphonylamino, e.g. thioformylaminomethyl- 
sulphonylamino or thioformylethylsulphonylamino, Ci-eacylaminosulphonyl- 

30 amino, e.g. acetylaminosulphonylamino, Ci^thloacylamlnosulphonyl- 
amino, e.g. thioacetylaminosulphonyiamino groups. 

In the compounds of formula (1), when R3 Is a URis group the linker group 
LI may be any divalent linking group. Particular examples of groups 
35 . include groups of formula ■{Alka)r(Xa)s(Alkb),- where Alka and Alkb is each an 
optionally substituted straight or branched Ci-ealkylene, Ca^alkenylene or 
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u . r.,\r.n^\\^f interrupted by one or more, e.g. one. two or 
C^ealkynylene <^^<^^^lZeJ^'^^«m groups, xa Is an 

;^ r . - ----- - °- 

5 of r, s, or t is zero at least one of the remamder ,s the integer 1. 

• *^.r..«f tha Alka or AlRb chains include for 
he.roa.o.s ^1^ -^l" -ncMe for e..p.e 
example -O- or -S- ' „ cyoloalkenyl e.g. cyclopentenyl 

oyotoalkyl. e.9. cyclopentyl "^^ar SeroaL-contalnlng groups which 
10 or cyolohexenyl, groups '^'^"^^'J^'!^ „ „,i„,gon-containlng 

„av interrupt. .a or *ino,j.^^^^^^^^^ -0(S,-, -O(NR^)-. 

groups such as -S(0) . i=^y)2 . } .sON(Rb)-. -S02N(Rb)-. 

1. N Rb ConIr"!- or NlRbjCSNlRt-V groups. It will t>e appreciated that 
" rnCJs or aIk^ are .terrupted ty two ^^^J^-^^^; 
carbocyclio or heteroatom-oontaWng groups such a cms "'^'J^ 
be adjacent to one another, for example to form a group -N(R ) C(NR ) 



N(Rb)- or -0-CONH-. 



20 



25 



in the oroup -LiR" particular examples of Alk^ or Alk^ »hen present 

Ll^Us^^a — 

'""T:; VZZ^ ^ZZ^ ohalns. option* interrupted by 
rrro;rrSomsXa-bocyclic or heteroatom.cont.ning 



groups as described above. 



30 



I ini3 include for example -CH2Ar, 
inaaJHaAr, OH^NpajAr or -CHaNlRWAr groups. 
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The group R3 in compounds of formula (1) may in general be attached to 
the remainder of the molecule through a carbon atom adjacent to the group 
-C(R4)(R5)C(R6)(R7)(R8) or the group W. 

5 The presence of certain substituents in the compounds of formula (1) may 
enable salts of the compounds to be fornied. Suitable salts include 
pharmaceutically acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

10 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
alkylsulphonates, e.g. methanesulphonates, ethanesulphonates, or 
isethionates, arylsulphonates, e.g. p-toluenesulphonates, besylates or 
napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
15 trifluoroacetates, propionates, citrates, maleates, fumarates, malonates, 
succinates, lactates, oxalates, tartrates and benzoates. 

Salts derived from inorganic or organic bases include alkali metal salts 
such as sodium or potassium salts, alkaline earth metal salts such as 
20 magnesium or calcium salts, and organic amine salts such as morpholine, 
piperidine, dimethylamine or diethylamine salts. 

Particularly useful salts of compounds according to the invention include 
pharmaceutically acceptable salts, especially acid addition 
25 pharmaceutically acceptable salts. 

In compounds of formula {^), the group =W- is preferably a =C(Y)- group 
in which Y is an -ORi group, especially where R"" is an optionally 
substituted ethyl group, or an optionally substituted methyl group. 
30 Especially useful substituents which may be present on Ri groups include 
one, two or three fluorine or chlorine atoms. 

The group X in compounds of formula (1) is preferably -0-. 

35 Particularly useful groups of compounds of fomiula (1) have the formula 
(2) 
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(2) 

5 and RB are as defined for formula (1); and the salts, 
prodrugs and N-oxides thereof. 

, M\=nc\ (2\ R2 is preferably an optionally 
in the compounds of fomiulae ( ) and (2 ■ » P , , 

substituted methyl or cyclopentyl group, m particular 



10 group. 



15 



20 



25 



1 « M^ and (2^ R4 is preferably a hydrogen 
,n me -pounds °. — W^^^^ ^ a-y, 

atom or an -Ar or .CH2A 8™*; ...jritaining heleroaryl 

TnnLe (1) and (2) Is espec* a hydrogen aton,. 

The oroups and R= In compounds 0. fonnulae (1) and (2) Is eaoh 

pSeZ a Lrine atom or especl.:y a hydrogen atom. 

,„ me compounds o. — 0) and '^l^l^^J^:::^^' 

group, especially a -^'"^^ ^^^'J^^ suUuted pyridy, 
Pflrtirniarlv useful groups of this type are opiiond y 

. H \ anH r3 Is preferably a halogen atom 
,n me compounds of lormulae B ,s ^ 

or an optionally subs.,tu« ^^"^'^^^ J^^, mono- or 

mono- or bicycle aryl. arCi^alkyl O' a 1 ' 3, ^^bstituents which 

:Z::. r — : d^c^- abo. . re,a.ion .0 the group R. . 
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and for aryl, aralkyi, heteroaryl or heteroaralkyl groups, R'*^ substituents 
as described above. 

Particular examples of aryl or aralkyi groups include optionally substituted 
5 phenyl, naphthyl, phenCi-aaikyl or naphthylCi-aalkyI groups. Examples of 
heteroaryl or heteroaralkyl groups include optionally substltued pyridyl or 
pyridylCi-salkyl groups. 

Particular examples of in the compounds of formulae (1) and (2) 
10 include bromine, chlorine or iodine atoms or, methyl, ethyl, etheny! 2- 
propenyl, ethynyl, 2-propynyl, phenyl, naphthyl, benzyl, phenylethyl, 
phenylethenyl, phenyipropen-l-yl, phenylpropen-2-yl, 2-, 3- or 4-pyridyl, 
2-, 3- or 4- pyridylmethyl, or 2-, 3- or 4-pyridylethyl, each of said phenyl or 
pyridyl groups being optionally substituted by one or more R^3 
15 substituents- 

The group R^ may In particular be positioned on one of the two ring 
carbon atoms between the group W and the group 
-C(R4)(R5)C(R6)(R7)(R8) either adjacent to the group W or adjacent to the 
20 group -C{R4)(R5)C(R6)(R7)(R8). 

Particularly useful compounds according to the invention are: 
4-[2-(5-Cyclopentyloxy-2-iodo-4-methoxyphenyl)ethyl]pyridine; 
4-[2-{5-Cyclopentyloxy-4-methoxy-2-phenyl)ethyl]pyridine; 
25 4-{2-[5-Cyclopentyloxy-4-methoxy-2-(2-phenylethenyl)phenyl] 
ethyl}pyridine; 

4-{2-[5-Cyclopentyloxy-4-methoxy-2-(2-phenylethyl)phenyl]ethyl} pyridine; 
4-{2-[5-Cyclopentyloxy-4-methoxy-2-(1 -naphthyl)phenyl]ethyl} pyridine; 
4-{2-[5-Cyclopentyioxy-4-methoxy-2-(2-naphthyl)phenyl]ethyl} pyridine; 
30 4-{2-[5-Cyclopentyloxy-4-methoxy-2-(3-pyridyl)phenyl]ethyl}pyridine; 

or each isomer and enantiomer, and/or the salts, hydrates, solvates, 
prodrugs and N-oxides thereof. 

Compounds according to the invention are selective and potent inhibitors 
35 of PDE iV. The ability of the compounds to act in this way may be simply 
detemiined by the tests described in the Examples hereinafter. 
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Hinn to the invention are thus of particular use in the 
The compounds according to the 1 ^^^^^^ ^^^^^ ^^^^^^^^ 

prophylaxis and treatment of hum ^ ^^^^ ^^^^^^ 
inflammatory response or mu ^^^^^ ^^^^^^^^ 

5 alimentary smooth muscle ^P^^"^^^^^^^ ^he inflammation and 

CAMP levels may be expected to prevenx 

relax muscle. 

thB compounds of the invention may be put 
Partioular uses to ^^^^^^ espeoiaily inflamed lung 

10 include the prophytos and reawe ^ wiammaton^ 

associated «im asthma, 7^;° g^nuloma, psoriasis and 

ai^ay disease, chronic "ro"**: • enootoxic shock, 

other benign and malignant P™*'^""" rf„slon injury of the 

septic shock, ulcerative colitis, ^ g,o„emlonephrl,is, 
,6 myocardium and brain, ^-^J^ .^^^^ stroma, diabetes 

atopic damratfe urt^n . « -P'^^^^^^.,,,, ,,,al coniunctiv^is. 
insipidus, allergic rhinitis, aiiergiu 
arterial restenosis and artherosclerosis. 

ao compounds of the inven«^ ^Z'^::^:'Z^:^ZT. ' 

rg^slclClirrd :«eslc . ..^^^c, .seases 

associated wrth imtation and pain. 

M nn tn the invention may also elevate cAMP in 
25 compounds --^^^^sW^^^ ..wanted lymphocyte activation in 
lymphocytes and thereby suppres ^^.^.^^ ^^kylosing 

gastric acid secretion and therefore can □ 
associated with hypersecretion. 

^ ^.rfnWnP svnthesis by inflammatory 
compounds of the ^ventlon -PP-^^^*":^^ ^ey'are, the^fore, 

35 cells in response to '"^^ " „ ^ Induced sepsis and 
useful in the treatment of bacterial, tungai 
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septic shock in which cytokines such as tumour necrosis factor (TNF) are 
key mediators. Also compounds of the invention suppress inflammation 
and pyrexia due to cytokines and are, therefore, useful In the treatment of 
inflammation and cytokine-mediated chronic tissue degeneration which 
5 occurs in diseases such as rheumatoid or osteoarthritis. 

Over-production of cytokines such as TNF in bacterial, fungal or viral 
infections or in diseases such as cancer, leads to cachexia and muscle 
wasting. Compounds of the invention ameliorate these symptoms with a 
1 0 consequent enhancement of quality of life. 

Compounds of the invention also elevate cAMP in certain areas of the 
brain and thereby counteract depression and memory Impainnent. 

15 Compounds of the invention suppress cell proliferation in certain tumour 
cells and can be used, therefore, to prevent tumour growth and invasion of 
normal tissues. 

For the prophylaxis or treatment of disease the compounds according to 
20 the invention may be administered as phannaceutical compositions, and 
according to a further aspect of the invention we provide a pharmaceutical 
composition which comprises a compound of fomiula (1) together with one 
or more pharmaceutically acceptable carriers, excipients or diluents. 

25 Pharmaceutical compositions according to the invention may take a form 
suitable for oral, buccal, parenteral, nasal, topical or rectal administration, 
or a form suitable for administration by inhalation or insufflation. 

For oral administration, the pharmaceutical compositions may take the 
30 form of, for example, tablets, lozenges or capsules prepared by 
conventional means with pharmaceutically acceptable excipients such as 
binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose); fillers (e.g. lactose, microcrystalline 
cellulose or calcium hydrogen phosphate); lubricants (e.g. magnesium 
35 stearate, talc or silica); disintegrants (e.g. potato starch or sodium 
glycollate); or wetting agents (e.g. sodium lauryl sulphate). The tablets 
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may be coated by methods well known in the art. Liquid preparations for 
1 administration may take the fom. of. for --P'^' f "^'^J J^^^^^ 
suspensions, or they may be presented as a dry produot for con mu^ 
v^th water or other suitable vehicle before use. Such l.qud prepara ons 
5 may be prepared by conventional means with pham^aceufcally acceptable 
additives such as suspending agents, emulsifying agents, non-aqueous 
vehicles and preservatives. The preparations may also contain buffer 
salts, flavouring, colouring and sweetening agents as appropriate. 

10 Preparations for oral administration may be suitably formulated to give 
controlled release of the active compound. 

For buccal administration the compositions may take the fomi of tablets or 
lozenges formulated In conventional manner. 



The compounds of formula (1) may be formulated for parenteral 
administration by injection e.g. by bolus injection or infusion. Fomiulations 
for Injection may be presented In unit dosage fomi. e.g. in glass ampoule 
or multi dose containers, e.g. glass vials. The compositions for Injection 
20 may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formulatory agents such as 
suspending, stabilising, preserving and/or dispersing agents. 
Aliematively. the active ingredient may be In powder fomi for constitution 
with a suitable vehicle, e.g. sterile pyrogen-f ree water, before use. 

25 

m addition to the fomiulations described above, the compounds of fomiula 
(1) may also be fomiulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
injection. 

For nasal administration or administration by Inhalation, the compounds 
for use according to the present invention are conveniently delivered in the 
fomi of an aerosol spray presentation for pressurised packs or a nebuliser. 
with the use of suitable propellant. e.g. dichlorodlfluoromethane. 
trichlorofluoromethane. dichlorotetrafluoroethane. cartoon dioxide or other 
suitable gas or mixture of gases. 



30 



35 
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The compositions may, if desired, be presented in a pack or dispenser 
device which may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
5 instructions for administration. 

The quantity of a compound of the invention required for the prophylaxis or 
treatment of a particular inflammatory condition will vary depending on the 
compound chosen, and the condition of the patient to be treated. In 

10 general, however, daily dosages may range from around 100ng/kg to 
lOOmg/kg, e.g. around 0.01mg/kg to 40mg/kg body weight for oral or 
buccal administration, from around lOng/kg to 50mg/kg body weight for 
parenteral administration and around O.OSmg to around lOOOmg e.g. 
around 0.5mg to around 1 0OOmg for nasal administration or administration 

15 by inhalation or insufflation. 

The compounds according to the invention may be prepared by the 
following processes. The symbols W, R2 R3, R4^ rs^ r6^ r7^ r8 and X. 
when used in the fomiulae below are to be understood to represent those 

20 groups described above in relation to formula (1) unless otherwise 
indicated, in the reactions described below it may be necessary to protect 
reactive functional groups, for example hydroxy, amino, thio, carboxy or 
aldehyde groups, where these are desired in the final product, to avoid 
their unwanted participation in the reactions. Conventional protecting 

25 groups may be used in accordance with standard practice [see, for 
example, Green. T. W. in 'Protective Groups in Organic Synthesis" John 
Wiley and Sons, 1981.] it may be that deprotection will form the last step 
in the synthesis of compounds of formula (1). 

30 Thus according to a further aspect of the invention, a compound of 
fonnula (1) where R3 is a group -UR">3 may be prepared by a cross- 
coupling reaction of compound of formula (3) 
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c(R^){R')C(R')(R')(R') 



where Hal is an iodine or bromine atom witi, a coupiing reagent. 

« 

5 The reaotion may be carried out in the presence of a metal catali^t, such 

' ra~oomW cataiyst. tor example a Pajadj- 
diohioro.I1,4.bis(diphenylphosphino)ferrocenelpaUad.^^ 

(triphenylphosphinejpailadium, or palladium (II) acetate, or a n ckel 
complex such L dichioro-H.S-b-^ (diphenylphosphMpropanel mckel. 

" The coupiing reagents indude organometallic -^a^nts sud, ^ organo 
magnesium reagents HiaUMaX, where X is a " 
Chlorine or bromine atom, organozinc reagents ^^^^^X 
derivatives, (or example B^^moHh in the presence of a base, such as 

15 a cme e g sodium cart>onate; or an olefin reagent lor example 
R13 "H.1n the presence of a phosphine, e.g. tr-.O..oiylphosph»,e 
and a base such as triethylamine. 

The reaction may take place in a solvent, for e«"P'-;" ''^^ 
20 dlethylether or a cyclic ett,er, e.g. tetrahydrofuran or ^"-^^llTl 
e.g. acetonitrile, at a temperature varied from room temperature to an 
elevated temperature, e.g. 140oC. 

The coupling reagents are either known compounds or may be prepared 
25 Zs reagents and conditions simitor to tt,ose used for the preparatton of 

the known compounds. 

It is to be understood that compounds of fomiula (3) are- compounds of 
0^1(1) in Which H3 is a halogen atom. Therefore, a further aspect 

tormuia ^ij in wmu x„^„.o n\ wherein R3 is a halogen atom 

30 of the invention compounds of formula (1)wnerein H ' « 

may be prepared by halogenatipn of a compound of fomiula (4) 
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C(R'^{R^)C(R^(R^)(R®) 



This reaction is particularly suitable for preparing compounds in which R3 
Is a chlorine, bromine or Iodine atom. Thus for example bromination and 
5 chlorination may be achieved by using bromine or chlorine in the presence 
of a catalyst, such as a Lewis acid, e.g. AlBrs, AICI3, or FeCIa respectively 
or an organic acid, e.g. acetic acid where necessary in a solvent for 
example a halogenated hydrocarbon, e.g. dichloromethane. 

10 lodination may be carried out by the use of iodine in the presence of an 
oxidising agent, such as HNO3, HlOa or peracetic acid, or salts, such as 
copper salts, antimony salts e.g. SbCIs or sulphonates, e.g. silver trifluoro- 
methanesulphonate, where necessary In a solvent such as a halogenated 
hydrocarbon, e.g. dichloromethane. 

15 

Intermediates of formula (4) where is a hydroxyl group may be 
prepared by reaction of a compound of formula (5) 



X-R^ 




20 with 

(a) an organometallic reagent R6r7r8cm where M is a metal atom, such 
as lithium, or a Grignard reagent R^R^R^MgHal, where Hal is a 
halogen atom, e.g. a bromine atom, or 

(b) a compound R^R^RSCHal, where Hal is a halogen atom, such as a 
25 bromine atom, using a base, such as t-butyllithium. 



Intermediates of formula (4), where R^ is a fluorine atom may be prepared 
by reacting an Intermediate of fomiula (4), where R^ is a hydroxyl group, 
with a fluorlnating reagent, such as diethylaminosulphur trifluoride (DAST), 
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in a sowen., for example a oh.onna.ed so^., e.g. d.oh,oro™e.hane, a. a 
low temperature, e.g. around (PC. 

Ketones o. formula (5) .ay be prepared by oxlda«on o, a conespondhg 
5 alcohol of formula (6) 




CH(OH)R* (6) 



using an oxidising agent suoh as manganese dioxide in a solvent such a 
dichloromethane at ambient temperature. 

'° Aloohols 0. formula (6) may be prepared by reaction o. an aldehyde o. 
formula (7) 




(7) 

. «■ ^«mn«.inri such as organoiithium compound R^Li. 
2 o:ig3Cr ZTln rs^ivent, ^ch as tetrahydroluran, at a 
low temperature, e.g. around -50oC to QPC. 

X X .lo f7\ where =W- is =C(Y)- may be prepared by 
Aldehydes of formula (7) where -vv i:. / 

20 alkylation of a corresponding compound of fomiula (8): 




CHO 

(8) 



A Q2H«i r,Arfiere Hal is as previously defined] using the 
. :::Us"rrndr TeSibed heremaner ,or .he a,Ma.ion o, 



intermediates of formula (15). 
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Intermediates of formula (8) are either known compounds or may be 
prepared from known starting materials by methods analogous to those 
used for the preparation of the known compounds. 

Intermediates of fomriula (7) wherein =W- is =N- may be prepared from an 
intermediate of formula (9) 




by successive oxidation and reduction reactions. 

For example a first oxidation of intermediate (9) by Se02 or potassium 
permanganate gives the carboxylic acid derivative. This in turn may be 
15 reduced by a reducing agent, for example lithium aluminium hydride to 
afford the corresponding alcohol, which upon oxidation with manganese 
dioxide gives the desired intermediate (7), 



Intermediates of fomnula (9) may be prepared by reacting a halide of 
20 formula (10) 

Hal 



25 




CHa 



(10) 



where Hal is a halogen atom, e,g. a bromine, chlorine or iodine atom with 
a compound RXH, where X is -0-, -S- or -NH- in the presence of a base. 

Bases used in this reaction include hydrides, such as sodium hydride, or 
organometallic bases, such as butyllithium in a solvent, such as an amide, 
for example dimethylformamide at a temperature from room temperature 
to above, e.g. around QO^C. 
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. nm mav be prepared by reacting the 
intermediates of formula 0° ^Lm) 
commercially available amir^e of fomiuladD 




(11) 



with nitrous acid (made ^^^^^^^^ ^^^^ produce the diazonium 
example sulphuric acid ^^ ^^^^^^^^^ e.g. hydrobromic. 

salt. This in turn may be reacted w« ^^^^^^^^ ^he 

,0 hydrochlonde - M^^^^^^ ^^^^^.^ ^uBr or Cul. or halogen, e.g. 
corresponding copper [^) nduue 
bromine, chlorine or Iodine. 

fnrmula (5) may be prepared by reaction of a 
Alternatively ketones of fomnula ^5) m y 

15 halide of formula (12) 

XFT 




(12) 



20 



25 



rh as bromine or chlorine atom] by 
,„he,e Hal Is ^^^^ as n-butyUWu. .Cowed by 

halogen metal ^''^"f 3^,^ chloride R-'COCl or an ester 

to ambient temperature. 

, . n2^ may be prepared by alkylation of a compound of 
Halides of formula (12) may h 

formula (13): 
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XH 




Hal 



(13) 



using the reagents and conditions discussed below in relation to the 
alkylation of intermediates of fomiula (15). 



Halides of formula (13) where X is -0- may be prepared by oxidation of an 
aldehyde of formula (14): 



10 

using an oxidising agent such as S-chloroperoxybenzoic acid in a 
halogenated hydrocarbon such as chloroform at a temperature from 
around 0°C to room temperature. 

15 Aldehydes of fomiula (14) and halides of formula (13) where X is -S- or 
-N(R8)- are either known compounds or may be prepared from known 
starting materials by methods analogous to those used for the preparation 
of the known compounds. 

20 Intemiediates of formula (5) where X is -0-, -S- or -N(Ra)- may also be 
prepared by alkylation of a compound of formula (15) 



5 



CHO 




(14) 



XH 




(15) 



25 using a reagent R2L, where L is a leaving group 



PCT/GB95/01467 

WO 95/35285 

24 

Leaving groups represented by L include halogen atoms such as iodine, 
cnrne or bromine atoms, or sulpi,onyloxy groups such as aryl- 
sulphonyloxy groups, e.g. p-toluenesulphonyloxy. 

, . ha i-arriBd out in the presence of a base, such 

5 The alkylation reaction may be cameo out mi v ,.k„viH<. p a 

as a carbonate, e.g. caesium or potassium carbonate, an alkoxide, e.g. 
potas^ut tbut Je. cr a hydride, e.g. sodium hydride, In a Wro c 
solvent such as an amide, e.g. a substituted amide such as d,mafty - 
fom,amide, or an ether, e.g. a cyclic ether such as tetrahydrofuran, at 
1 0 ambient temperature or above, e.g. around AO'C to 50oc. 

lntem,ediates of fom,ula (15) are known compounds or may be prepared 
In a manner similar to the preparation of the known compounds. 

16 in yet another process according to the InvenHon. compounds of forai.^a 
(1) where and is each a hydrogen atom may be prepared by 
hydrogenation of a compound of fomiuia (16) 




cn'=c(B'>)R' 

(16) 



20 



25 



30 



The hydrogenation may be perfom,ed using for example hydrogen ,n the 
presence of a catalyst. Suitable catalysts include metals such as ptoum 
or palladium, optionally supported on an inert carrier such ^o^rbon or 
calcium carbonate: nickel e.g. Baney Nickel, or rodhium. T^e^a^on 
may be perfomted In a suitable solvent, for example an alcohol such as 
methanol or ethanol, an ether such as tetrahydrofuran or dioxane. or an 
ester such as ethyl acetate, optionally in the presence of a base, for 
example a tertiary organic base such as triethylamine. at for example 
ambient temperature. 

Aitematively the reacUon may be accomplished by transfer hydrogenation 
San Sanic hydrogen donor and a transfer agent. SuMe hydrogen 
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donors include for example acids, such as formic acid, formates, e.g. 
ammonium formates, alcohols, such as benzyl alcohol or ethylene glycol, 
hydrazine, and cycloalkenes such as cyclohexene or cyclohexadiene. The 
transfer agent may be for example a transition metal, for example 
5 palladium or platinum, optionally supported on an inert carrier as 
discussed above, nickel e.g. Raney nickel, ruthenium, e.g. tris 
(triphenylphosphine) ruthenium chloride or copper. The reaction may 
generally be performed at ambient or elevated temperature, optionally in 
the presence of a solvent, for example an alcohol such as ethanol or an 
1 0 acid such as acetic acid. 

Intemiediate alkenes of fonnula (16) may be obtained by reaction of a 
corresponding aldehyde of formula (5) [where is a hydrogen atom] 
using an olefination agent and the reagents and conditions similar to those 
15 described below for the production of a compound of formula (1) from an 
intermediate of fonnula (19). 

In another process according to the invention, a compound of fonnula (1) 
where X is -0-, -S- or -N(Ra)- may be prepared by alkylation of a 
20 compound of formula (1 7) 



using a reagent R^L, as described above for the production of a 
25 compound of formula (5) from a compound of formula (15). 

Intermediates of formula (17) may be obtained from the corresponding 
protected compounds of formula (1 8) 




(17) 
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C{R^(R')C(R^(R^)(R') 

wherein Xi is a protected hydroxy, thio. amino or aldehyde group using 
conventional deprotection procedures [see Green. T. W. M- T^us for 

5 example where Xi is a t-butyldimethylsilyloxy group, the required hydroxyl 
group may be obtained by treatment of the protected intermediate with 
tetra-butylammonium fluoride. In another example where Xi is a dioxany 
group, the required aldehyde group may be obtained by acid hydrolysis of 
the protected intemiediate with trifluoroacetic acid or p-toluene sulphonic 

10 acid, in the presence of a solvent, e.g. acetone, or a mixture of solvents, 
e.g. chloroform and water. 

The protected intermediates of fomiula (18) may be prepared in an 
analogous manner to the compounds of fomiula (1) using the reactions 
1 5 described herein and appropriately protected intemiediates. 

in a further aspect of the invention, compounds of general formula (1) 
where X Is a chain -C(R)=C(Rb)-. in which R is a hydrogen atom or a 
methyl group, may be prepared by coupling a compound of fomiula (19) 



C(0)R 




C(R'*)(R^-)C(R^(R^)(R') 

(19) 

Where R is as defined above with an olef Ination agent 

25 Particular examples of olefination agents include phosphonium salts such 
as compounds (Rb)(R2)CHP(D)3Hal where Hal is a halogen atom, such as 
a bromine atom, and D is an optionally substituted alkyl. ^^-9- J^^t^y' °r 
aryl especially phenyl, group; phosphoranes (Rb)(R2)C=P(D)3; 
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phosphonates (DO)2P(0)CH(Rb)(R2): or silane derivatives, for example 
compounds of formula (D)3SiC(R5)(R6). e.g. trialkylsilanes such as 
(CH3)3SiC(Rb)(R2). 

5 Bases for use In the above reaction include organometallic bases, for 
example, an organolithium compound such as an aikylllthium e.g. n- 
butyllithium, a hydride, such as sodium or potassium hydride or an 
alkoxide, such as a sodium alkoxide, e.g. sodium methoxide. 



10 The reaction may be performed in a suitable solvent, for example a polar 
aprotic solvent, such as an alkyi sulphoxide, e.g. methyl sulphoxide, an 
amide such as N.N-dimethylformamide or hexamethylphosphorous 
triamide; a non-polar solvent, such as an ether, e.g. tetrahydrofuran or 
diethyl ether or an aromatic solvent such as benzene, toluene or xylene; or 

1 5 a polar protic solvent, such as an alcohol, for example ethanol. Preferably 
the reaction is carried out at a low temperature, for example from around 
-780C to around room temperature. 

The olefination agents used in this reaction are either known compounds 

20 or may be prepared from known starting materials using reagents and 
conditions similar to those used to prepare the known compounds. For 
ejcample, a phosphorane may be prepared in situ by reaction of a 
phosphonium salt with a base of the type described above. In another 
example, a phosphonate may be prepared by reacting a halide 

25 (Rb)(R2)CHHal with a phosphite (00)3?, as described in the Arbuzov 
reaction. Silane derivatives may be prepared by reaction of a halosilane 
(D)3SiHal with a base, such as lithium diisopropylamide, in a solvent, such 
as an ether, for example a cyclic ether, e.g. tetrahydrofuran, at low 
temperature, e.g. -IQOC. 

30 . 

According to a further aspect of the invention compounds of formula (1 ) 
where X Is a group -C(R)=CH(Rb) and R2 is an optionally substituted alkyI, 
alkenyl or alkynyl group may also be prepared by reaction of an 
intermediate of formula (19) with an organometallic reagent, for example 

35 . as described above in connection with the preparation of intermediates of 
formula (4), followed by dehydration of the corresponding alcohol. The 
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dehydration may be performed using an acid, for example an organic acid 
such as p-toluene sulphonic acid or trifluoroacetic acid, in the presence of 
a base, such as an amine, e.g. triethylamine. 

5 intermediates of formula (19) may be prepared by deprotecting an 
intermediate of formula (20) 




C(R^(R=)C(R^(R')(R') 



1 0 where X"" is an aldehyde or ketone protecting group. 

Intemiediates of fomiula (20) may be prepared by reaction of a compound 
of formula (21) 




C(0)R'' 

(21) 

15 * • ^ 

with an organometallic reagent or a halide in an analogous manner to the 
preparation of intermediates of fomiula (4) from Intemnediates of formula 

(5) 

20 Intermediates of formula (21) may be prepared by oxidation of an alcohol 
of formula (22) 




CH(OH)(R^ 

(22) 

using an oxidising agent, such as manganese (IV) oxide. In a solvent. 
25 such as dichloromethane. at room temperature. 



4 
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Intermediates of formula (22) may be prepared by reaction of a halide of 
formula (23) 




(23) 
5 

with an aldehyde R^CHO, in the presence of a base, such as n-butyl- 
lithium, in a solvent, e.g. tetrahydrofuran, at a temperature from around 
-70OC to room temperature. 

10 Intermediates of fonnula (23) may be prepared by protecting an aldehyde 
of formula (24) 

C(0)H 




(24) 

using the reagents and conditions described herein above. 
15 , 

Intermediates of formula (24) are either known compounds or may be 
prepared in a similar manner to the known compounds. 

In another aspect of the invention, a compound a fomiula (1) in which =W- 
20 is a =C(XaR"')- group in which Xa is -O- may be prepared by alkylating an 
intermediate of formula (25) 




C(R'')(R=)C(R^(R^)(R°) 

(25) 
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10 



20 



using a 



reagent Ri L where L is a leaving group as described above. 



The reaction may be perfomied using the reagents and conditions 
described above for the production of a compound of formula (5) from a 
compound of formula (15). 

Intermediates of fomiula (25) where R3 is propen-2-yl may be prepared in 
a Claisen rearrangement by heating an allylic aryl ether of fonnula (26) 



25 



H2C=HC-H20 




C(R'^(R^)C{R^(R^)(R'') (26) 



at elevated temperature. 



Intermediates of formula (23) may be prepared by reacting an intermediate 
1 5 of fomiula (4) where W is a =C(0CH3)- group with a thiol reagent, such as 
propanethiol. in the presence of a base, such as a hydride, e.g. sodium or 
potassium hydride, or an amide, e.g. sodium bis (trimethylsilyl)amide. The 
reaction may be performed in a solvent, such as dimethylformamide at an 
• elfevated temperature, e.g. the reflux temperature. 



Intermediates of formula (25) may also be prepared by deprotecting a 
compound of formula (26) 




C(R'')(R^)C(R^(R^)(R°) (26) 



where X2 is a protected hydroxyl group, e.g. methoxy. using 
iodotrimethylsilane in chlorofomn. 
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Intermediates of formula (24) may be prepared using similar protected 
reagents and conditions to those used for the preparation of intermediates 
of formula (4). 

5 Compounds of formula (1) may also be prepared by interconversion of 
other compounds of fomiula (1). These reactions will generally involve the 
group R13, whether present as the group or as a substituent on a group 
Ar in R4 or R6. Thus, In one example of an interconversion process a 
compound of formula (1) which contains a -CH2NH2 substituent may be 
10 prepared by reduction of a corresponding compound of formula (1) which 
contains a nitrite group, using for example a complex metal hydride such 
as lithium aluminium hydride in a solvent such as an ether e.g. 
diethylether. 

15 In a further example, a compound of formula (1) with an alkanoylamino or 
alkanoylaminoalkyi substituent may be prepared by acylation of a 
corresponding compound of formula (1) containing a -NH2 or alkylamino 
group by reaction with an acyl halide in the presence of a base, such as a 
tertiary amine e.g. triethylamine in a solvent such as dichloromethane. 

20 

Compounds of formula (1) where X is a chain [-CH(R)]q-CH(Rt>)- may be 
prepared by hydrogenation of a compound of fonnula (1) where X Is a 
chain -C(R)=C(Rb)- using the reagents and conditions described above for 
the production of a compound of formula (1) from an intermediate of 
25 formula (13). 

In yet another example of an interconversion process, compounds of 
formula (1) containing an ester [C02AIk2], e.g. an ethanoate, may be 
prepared by esterification of a corresponding compound of formula (1) 
30 containing a carboxylic acid, using an acid halide, such as an acid 
chloride, e.g. acetyl chloride, in an alcohol, such as ethanol, at ah elevated 
temperature, such as the reflux temperature. 

Compounds of fonnula (1) containing a carboxylic acid may be prepared 
35 from the corresponding compound of formula (1) containing a formyl 
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group, by oxidation with an oxidising agent, e.g. ,P»f P^J^l'' 
fn a s^ilt, suci, as an aloohoi, ag. tert^utanoi, a. ambent tamperatute. 

In a further inlerconvereion reartion. compounds of fontiuia (1) which 
5 11 an aloaiM group, such as dimethyiaminornethyl, may be 
^^Bd by reductive aminaHon of a corresponding compound of fonnula 
1) Which Lains a fonnyl g«.up, using an amine, e.g. <^«l^2 , 
me presence of a reducing agent. e.g. sodium cyanoborohydnde, f 
nies^ry in the presence of a catalyst. e.g. ethanoifc HCl, ,n a soWent. 
10 such as an alcohol. e.g. methanol, at ambient temperature. 

in another example of an Interconversicn reacUon a compound of formula 
(1) which contains a fonn^ group, may be reduced to the cor.espond«g 
ai ohoi. using a reducing agent, e.g. sodium borohydnde, ,n a soh,er^^ 
15 such as an alcohol. e.g. ethanol. at a temperature fran around ooc to 
ambient temperature. The resulting alcohol may then be converted to a 
corresponding alkoxy derivative. e.g. methoxymethyl. by reachon w«h an 
alkyl haiide or alkyl sulphonate using the methods and reagents descnbed 
above for the alkyiation of intemiediates of formula (9). 

20 

in a further example of an interconverslon process compounds of fom^ula 
(1) which contain a carboxamido (-CONHAlk^) or an aminocarbonyl (- 
NHCOAlki) group may be prepared by reaction of the corresponding 
compound containing a -CO2H or a -NH2 group respectively by reaction 
25 with a carbamate, such as i-butyl chlorofomiate or ethyl chlorofom^ate. .n 
the presence of a base, such as an amine, e.g. tnethylamme or M- 
methylmorpholine. in a solvent, such as dichloromethane. or a mixture of 
solvents, e.g. tetrahydrofuran and dimethylfomiamide. at a temperature 
from around '2(PC to room temperature. 

30 

in a still further interconverston reaction, compounds of fomiula (1) which 
contain a -NHCONHAIki group may be prepared .by reacting a 
corresponding compound of fomiula (1) which contains an am.no -NHrf 
group, with an Isocyanate. e.g. ethyl isocyanate, in a solvent, e.g. 
35 dichloromethane, at ambient temperature. 
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In another example of an interconversion process, compounds of fom^ula 
(1) wherein R7 Is an alkyl group, may be prepared by interconversion of a 
compound of fomiula (1) where P7 is a hydrogen atom by reaction with a 
compound R^L, where L is a leaving group, for example a halogen atom, 
5 such as chlorine, in the presence of a base, for example lithium 
diisopropylamide, In a solvent such as tetrahydrofuran, at low temperature, 
such as (PC. 

* 

Compounds of formula (1) wherein RS is an 0R° group where Rc Is an 
10 alkyl, alkoxyalkyi, fomiyl or alkanoyi group, may be prepared In another 
example of an interconversion process by reaction of a compound of 
formula (1) where R5 is a -OH group with a compound R^L (where Rc is as 
just defined and L is a leaving group as described above), in a solvent, 
such as dichloromethane or tetrahydrofuran in the presence of a base, for 
1 5 example triethylamine or potassium tert-butoxide, at room temperature. 

In a further interconversion process compounds of formula (1) wherein R^ 
is a carboxamido (-CONHAIki) or a thiocarboxamido (-CSNHAlki) group, 
may be prepared by reaction of a compound of formula (1) wherein RS Is a 
20 hydroxyl group with an isocyanate Alk^NCO or an isothiocyanate 
AlkiNCS, in a solvent, for example chlorofomi. In the presence of a base, 
fpc example diisopropylethylamine, at ambient temperature. The 
isocyanate Alk^NCO and isothiocyanate Alk^NCS are known compounds 
or may be prepared in a conventional manner. 

25 

In a further example, a compound of formula (1) wherein BP is a 
CON[Alk''l2 group may be prepared by reaction of a compound of formula 
(1) wherein BP is a CONHAIki group with a reagent Alk^L (where L is a 
leaving group as described above) in the presence of a base, for example 
30 sodium hydride, in a solvent, such as tetrahydrofuran, at low temperature, 
for example O^C. 

In another example, an isothiocyanate of formula (1) where BP is 
-CSN(Alki]2 may be prepared by reacting a compound of formula (1) 
35 wherein Rc is a -C0N[Alki]2 group with a thiation reagent, such as 
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Uwesson's Reagent, In an anhydrous solvent, for example toluene, at 
elevated teraperature, such as the reflux temperature. 

N-cxides of compounds of fom,ula (1) may be prepared « J^V 
5 o:ddation o. the corresponding nitrogen base us,ng an ^M^^^ 
such as hydrogen peroxide in the presence of an aad -'^^ -f^^ 
at an elevated temperature, for example around 70OC to 80OC^ or 
altematively by reaction with a peracid such as peraceUc aad ,n a solvent, 
e.g. dichloromethane, at ambient temperature. 

10 

salts of compounds of formula (1) may be prepared by reaction of a 
compound of fomiula (1) with an appropriate acid or base .n a suitable 
solvent or mixture of solvents e.g. an organic solvent such as an ether e.g. 
diethylether. or an alcohol, e.g. ethanol using conventional procedures. 

Where it is desired to obtain a particular enantiomer of a compound of 
formula (1) this may be produced from a corresponding mixture of 
enantiomers using any suitable conventional procedure for resolvmg 
enantiomers. 

20 

Thus for example diastereomeric derivatives, e.g. salts, may be produced 
by reaction of a mixture of enantiomers of fomiula (1) e.g. a racemate. and 
an appropriate chiral compound, e.g. a chiral acid or base. Surtable ch.ral 
acids include, for example, tartaric acid and other tartrates such as 

25 dibenzoyi tartrates and ditoluoyl tartrates, sulphonates such as camphor 
sulphonates. mandelic acid and other mandelates and phosphates such 
as l.l'-binaphthalene.2.2'-diyl hydrogen phosphate. The diastereomers 
may then be separated by any convenient means, for example by 
crystallisation and the desired enantiomer recovered, e.g. by treatment 

30 with an acid or base in the instance where the diastereomer is a salt 

in another resolution process a racemate of formula (1) may be separated 
using chiral High Perfomiance Uquid Chromatography . 
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Alternatively, If desired a particular enantiomer may be obtained by using 
an appropriate chiral intermediate in one of the processes described 
above. 

5 The following examples illustrate the invention. The following 
abbreviations are used: DMF - dimethylfomiamide; THF - tetrahydro- 
furan; DME - dimethoxyethane; EtOAc - ethyl acetate; EtaO - diethyl- 
ether; EtaN - triethylarnine; BuLi - butyllithium; LDA - lithium, 
diisopropylamide; EtOH - ethanol; CHCI3 - chloroform; CH2CI2 - 

10 dichloromethane; MeOH - methanol; RT - room temperature. 

All ■> Hnmr spectra were obtained at 300MHz unless specified othenwise. 

INTERMEDIATE 1 
15 3-CvcloD9ntvloxv-4-methoxvbenzaldehvde 

The title compound was prepared as described for Intermediate 9 in 
International Patent Specification No. WO 94/14742. 

INTERMEDIATE 2 

20 f±>-4-f2-f3-CvcloDentvloyv-4-methox vphenvn-2-hvdroxvethvnDvridine 

The title comoound was prepared as described in Example 2b) in 
International Patent Specification No. WO 94/20446. 

INTERMEDIATE 3 
25 fE)-4-r2-r3-CvclODentvloxv-4.methoxvphenvn6the nvnDvridine 

The title compound was prepared as described for Intermediate 5c) in 
International Patent Specification No. WO 94/20446. 

INTERMEDIATE 4 

30 4-r2-f3-Cvclopentvloxv.4-methoxvDhen Yl)ethvnpvrldine 

The title compound was prepared as decribed in Example 3f) iin 
International Patent Specification No. WO 94/20446. 

INTERMEDIATE 5 
35 fRVM-4-r2-f3-HvdrQxv-4-methoxvphenvlV.2-phenvlethvllpyridlne 
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To a Stirred solution of NaH (60% dispersion in mineral oil) (0.483g. 
12.075mmol) in DMF under nrtrogen at RT was added propanethiol 
(1 09ml. 12.07mmol) and the mixture stirred for 30min. A solution of (R)- 
(+).4.[2-(3-cyclopentylo)cy-4-methoxyph6nyl)-2-phenyl6thyllpyrW 

5 as described in WO 94/1 4742) (1 .8g. 4.83mmol) In DMF was added, the 
mixture heated to reflux for 5h. allowed to cool (the reaction was followed 
by tic) and concentrated in vacua The residue was taken up in CH2CI2 
and washed with aqueous NaHCOa solution. The aqueous phase was 
extracted with CH2CI2. the combined organic phase dried (MgS04). 

10 filtered and concentrated in Y& QVO- The residue was subjected to 
chromatography (SIO2: Et20) then recrystalllsed (i-propylether) to give the 
tiflfi nomoound (6.00g) as a white solid, m.p. 158-1590C. (Found C, 
79 37; H. 6.96; N. 3.66. C24H25O2N requires C. 80.19; H, 7.01; N. 
3.90%). 5h (CDCI3) 1.5-1.9 (8H, m. (Ca2)4). 3.39 (2H. dd. i 8. IH2. CM2 

15 pyridine). 4.12 (1H. t. iSHz, CfclCHs). 4.62 (1H. m. OCH). 5.52 (1H. br s. 
Oid). 6.57 (1H. m. CsHs). 6.6-6.7 (1H. m. CsHa). 6.75-6.8 (1H, m. CeHa). 
6.91 (2H, d. J 6.HZ. H3. ids pyridine). 7.1-7.3 (5H. m. CeHs). and 8.38 (2H. 
d.ii6Hz. Id2. tie pyridine). 



20 INTERMEDIATE 6 

A.r9. fR)-(a-Cyclonentv inv v-4-proD- 2 - ftnv l oxYPhen YlV-2-phenvlethYl1- 
pyririine hyrochloride 

To a stirred soution of Intennedlate 5 (2.031 g. 5.66mmol) in THF (60ml) 
and DMF (20ml) at RT, under nitrogen, was added potassium t-butoxide 
25 (0.8g, 6.77mmol). After 20mln. allyl bromide (0.56ml. 6.47mmol) was 
added, the mixture stirred at RT for 20min then quenched with water and 
extracted with EtOAc. The combined organic phase was dried (MgS04). 
filtered and concentrated in vacuo to give the compound free base 

(2.2g) as a yellow gum. 

30 A small amount of the free base was treated with etheral HCI to give the 
title compound as an off-white solid (Found C. 71.18; H. 6.58; N, 2.93. 
C27H31NO2CI. H2O requires C. 71.26; H. 6.86; N. 3.08%). m/z(ESl) 
(M+. 400. 100%). 5h (CD3OD) 1.05-1.85 (5H. m). 3.7 (2H. d. i 9.0Hz), 
4.45-4.52 (3H. m). 4.7 (1H. m). 5.19 (1H. dd. J 3.01. 6.0Hz). 5.3 (1H. dd. J 

35 3.0. 9.0Hz). 5.9-6.1 (1 H. mj. 6.7-6.82 (3H. m). 7.1-7.39 (5H. m). 7.82 (2H. 
d. il 6.0Hz) and 8.6 (2H. d. J 6.0Hz). 
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INTERMEDIATE 7 

4-{2-/RV-r3-CvclODentyloxv-4-hv droxv-5-Drop-3-envlphenvlV2- 
pherivftethvlpvrldlne hydrochloride 
5 Intermediate 6 (2^g, 5.51 mmol) was heated In a silicon oil bath at 2300C 
for 2h under nitrogen. The crude product was subjected to 
chromatography (SIO2; MeOH-CH2Cl2, 5:95) to give the free base (1.41g) 
as a yellow gum. 

A small amount of the free base was treated with ethereal HCI to give the 
10 title compound as an off-white solid, ffl/z (ESI) (M+H, 400, 50%) (Found 

C, 71.57; H, 6.58; N, 3.00. C27H30NO2CI requires C. 71.42; H, 6.66; 

N, 3.08%). 5h (CD3OD) 1.5-1.98 (5H, m), 3.3 {2H, dd. i 3.0, 6.0Hz), 

3.68 (2H. dd. iI3.0, 6.0Hz), 3.7 (2H. dd. J 3.0. 6.0Hz). 4.32-4.45 (1H, m). 

4.78 (IH.m). 4.9 (2H. dd. JL 3.0. 9.0Hz under HOD). 5.8-6.0 (1H. m). 6.6 
15 (2H. dd. J. 3.0. 30Hz). 7.1-7.4 (5H. m). 7.81 (2H. d. i 3.0Hz) and 8.6 (2H, 

d. d 3.0Hz), 

EXAMPLE 1 

a) 4-r2-f5-CvctQPentvloxv-2-lodo-4-me thoxvphenvilethvnDvridine 
20 Silver triflate (2.57g, lO.Ommol) was added to a solution of Intemnediate 4 
(3.00g, lO.Ommol) in CHCI3 (100ml) at RT. A solution of iodine (2.54g, 
iq.Ommol) in CHCI3 (100ml) was added dropwise and the mixture allowed 
to stir for a further 1h at RT. Sodium thiosulphate solution (100ml) was 
added and the organic layer separated and combined with a CH2CI2 
25 portion (50ml). The extract was dried (MqSOa) and concentrated jn 
vacuo . The residue was subjected to chromatography (Si02; Et20) to 
afford the title compound (3.89g) as a pale yellow solid; 8h (CDCI3) 1 .4- 

1.9 (8H. br m. (Cll2)4), 2.8-3.0 (4H. m, CH2CH2 pyridine). 3.81 (3H, s. 
OMe), 4.60 (1H, br m, OCJl), 6.55 (1H, s. ArH meta to methoxy). 7.12 
30 (2H. dd. d 4.5. 1 .5 Hz, pyridine Hi. his). 7.22 (1 H. s, ArH OilhQ to methoxy). 
and 8.50 (2H, dd , i 4.5. 1 .5 Hz, pyridine hb, He). 
The following compound was prepared in a manner similar to the 
compound of Example 1 a): 

35 b) mV4.r2-f3-CvclQpentvloyv-6.lodo-4-methoxvphenvn-2-phenvl- 
6th vll pyridine 
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From (R).(+)-4.[2-(3-cyclopentyloxy-4-methoxyphenyl)-2-phenylGthyll 
pyridine (made as described in international Patent Specification No, WO 
94/14742) (1.82g. 4.88mmol) in CHCI3 (50ml)m, silver triflate {1.26g. 
4.88mmol) and iodine {1.24g, 4.88mmol). Chromatography (SiOaiEtOAc) 
5 afforded the titiA nnmoound (2.2g) as a colourless gum. (Found C, 59.23; 

H, 5.32; N. 2.67. C23H26NO2I requires C, 60.13; H, 5.25; N. 2.81) 5h 
(CDCI3) 1.5-1.9 (8H, m.CH2)4). 3.25 (1H. d, 1 5Hz, CHapyridine). 3.27 
(1H, d. 1 5H2. CH2 pyridine). 3.74 (3H. s. OCtJa). 4.6-4.7 (1H. m. OCtd). 
4.64 (1 H, t, 1 8Hz, CH phenyl). 6.74 (1 H, s, CeHa). 7.01 (2H. d, J 5Hz, tb. 

1 0 Hs pyridine). 7.24 (1 H. s. C6H2), 7.25-7.4 (5H, m. Cehls), and 8.39 (2H. d, 
J 5Hz. tl2. Me pyridine), m/z 500 (M+. 100%), 406 (25) and 212 (14). 

EXAMPLE 2 

4.f2-f5-CvcloDentvlnYV-4-methO Yy-2-phenvnethvnDvridine 

15 hydrochloride 

A solution of the compound of Example 1 (1.06g, 2.5mmol) in dioxane 
(10ml) was added to a solution of tetrakis (triphenylphosphine)palladium 
(0.1 44g. 0.125mmol) in dioxane (20ml) and the mixture stirred at RT for 
0.5h. Sodium carbonate solution (2M; 3.25ml) and phenylboronic acid 

20 (0.305g, 2.5mmol) were then added and the mixture heated to reflux for 
16h. The cooled reaction mixture was poured into sodium hydrogen 
carbonate solution (20ml) and extracted with CH2CI2 (2x25ml). The 
extract was dried (fWlgS04), concentrated in vacuo, and the residue 
subjected to chromatography (Si02; Et20) to afford the title compound 

25 free base. 

The base was dissolved in EtaO (20ml) and treated with ethanolic HCI to 
afford the fitta compound (320mg) as a pale yellow solid m.p. 179-1 8O0C; 
5h (CDCI3) 1.5-2.0 (8H. br m. (Cii2)4). 2.6-2.7 (2H. m. CH2CH2). 2.8-2.9 
(2H, m. Cld2CH2). 3.80 (3H, s. OMe). 4.74 (1H. br m, OCJl). 6.69 (1H. s, 
30 ArH ortho to alkoxy). 6.72 (1 H, s, ArH ortho to alkoxy), 6.80 (2H, dd, i 4.5, 

I . 5 Hz, pyridine H3. ids). 7.2-7.5 (5H. m, Cehb), and 8.37 (2H, dd , i 4.5. 
1.5 Hz. pyridine tb. He): m/2 (El) 373 (M+ 12%) 305 (17). 182 (18). 181 
(100), 153 (28). 152 (22), 94 (17). 93 (46). and 69 (23). 
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ethenvn^eth yllpvridine 

A mixture of the compound of Example 1 (1.27g, S.Ommol), styrene 
(417mg. 4.0mmol), EtsN (404mg, 4.0mmol), palladium (II) acetate (34mg, 

5 O.ISmmoI), and tri-Q-tolylphospliine (41 mg, O.Smmol) in acetonilrile (5ml) 
was heated in a bomb at 140oC for 24h. The cooled reaction mixture was 
poured into sodium hydrogen carbonate solution (10ml) and extracted with 
CH2CI2 (2x25ml). The extract was dried (MgS04), concentrated in vacuo. 
and the residue subjected to chromatography (SiOa; Et20) to afford the 

10 title compound (1.05g) as a cream solid m.p. 91-940C. 8h (CDCI3) 1.5- 
1.7 and 1.75-1.95 (8H. m. (0^2)4). 2.8-3.1 (4H, m, {0^2)2 pyridine). 3.90 
(3H. s. OMe), 4.60-4.75 (1H. m. OCH). 6.51 (1H, s, ArH), 6.6-7.5 (BH, m, 
ArH + (CHh + CeiJs). 7.07 (2H. d. i 7.5Hz, H3. Us pyridine), and 8.47 
(2H, d . il 7.5 Hz, ti2. He pyridine). 

15 

EXAMPLE 4 

4-l2-fR)-r3-CvclODentvloxv-4-methoxv-5-pr oi>.3-env!phenvn-2-Dh6nvl> 
ethvl pyridine 

To a stln-ed solution of Intermediate 7 (243mg) in dry THF-DMF (8ml; 3:1) 
20 at RT was added potassium tert-butoxide (90mg). After 20 min, 
iodomethane (0.042ml) was added and the solution stirred a further 40- 
min. then quenched with H2O. The reaction mixture was partitioned 
between HaO-EtOAc and the aqueous phase extracted with EtOAc. The 
combined organic phase was dried (MgS04) then evaporated. 
25 Chromatography (SiOa; EtOAc-hexane, 30-50%) afforded the liUs 
compound (0.1 67g) as a vellow oil. Found (C, 80.43; H, 7.52; N, 3.55. 
C28H31NO2 requires C, 81.32; H, 7.56; N, 3.36%). 6h (CDCI3) 1 .55-1 .8 
(8H, br m), 3.3 (4H, dd, 1 6.0Hz). 3.61 (3H, s). 4.13 (1H, t. i 9.0Hz). 4.58 
(1 H, s), 4.92-5.08 (2H. m), 5.82-5.97 (1 H. m), 6.6 (2H, dd, J 3.0, 6.0Hz), 
30 6.92 (2H. d. i 6.0Hz). 7.15-7.3 (5H, m), 8.4 (2H, d. J 6.0Hz). mjz (ESI) 
414 (M+H 414, 100%). 



FORMULATION EXAMPLES 

35 The compounds of the invention may be fonnulated for pharmaceutical 
use in a number of forms using any suitable excipients. Thus, for 
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example, for oral use the compounds of the invention such as the 
compounds of the Examples may be forniulated as a solid dosage fomi. 
by mixing an appropriate weight of compound (for example 50mg) with 
maize starch (50-99%w/w), anhydrous colloidal silica (0-10%w/w) and 
5 organic or inorganic acid (up to 1%w/w). to fill capsules of an appropriate 
size. e.g. white opaque hard gelatine capsules size 3. If desired the same 
mixture may be compressed into tablets. 

The activity and selectivity of compounds according to the invention was 
1 0 demonstrated in the following tests. In these tests the abbreviation FMLP 
represents the peptide N-formyl-met-leu-phe. 



Isolated Enzvme 

The potency and selectivity of the compounds of the invention was 
1 5 detemiined using distinct PDE isoenzymes as follows: 



PDE I, rabbit heart 
PDE II. rabbit heart 
PDE III, rabbit heart. Jurkat cells 
PDE IV, HL60 cells, rabbit brain, rabbit kidney and human 
recombinant PDE IV 
PDE V. rabbit lung, guinea pig lung 

A gene encoding human PDE IV has been cloned from human monocytes 
25 (L/v/, sLSl: 1990. Molecular and Cellular Biology, M 2678). Using similar 
procedures we have cloned human PDE IV genes from a number of 
sources including eosinophils, neutrophils, lymphocytes, monocytes, brain 
and neuronal tissues. These genes have been transfected into yeast 
using an Inducible vector and various recombinant proteins have been 
30 expressed which have the biochemical characteristics of PDE IV {Beavo 
and Relfsnyder. 1990. TIPS. 11 150). These recombinant enzymes, 
particularly the human eosinophil recombinant PDE IV. have been used as 
the basis of a screen for potent, selective PDE IV inhibHors. 

35 . The enzymes were purified to isoenzyme homogeneity using standard 
chromatographic techniques. 



II. 
111. 

20 iv. 

V. 
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Phosphodiesterase activity was assayed as follows. The reaction was 
conducted in ISOji! of standard mixture containing (final concentrations): 
50mM 2-ntrls(hydroxymethyl)methyllaminol-1-ethane-sulphonic acid (TES) 

5 ^NaOH buffer (pH 7.5). 10mM MgCb, 0.1^lM PHJ-cAMP and vehicle or 
various concentrations of the test compounds. The reaction was initiated 
by addition of enzyme and conducted at 30OC for between 5 to 30 mins. 
The reaction was terminated by addition of 50^1 2% trifluoroacetic acid 
containing p^CJ-S'AMP for detenmining recovery of the product. An aliquot 

10 of the sample was then applied to a column of neutral alumina and the 
(3H]-cAMP eluted with 10ml 0.1 TES-NaOH buffer (pH8). The pH]-5'-AMP 
product was eluted with 2ml 2M NaOH into a scintillation vial containing 
1 0ml of scintillation cocktail. Recovery of [3H]-5'AMP was determined 
using the [i4C]-5'AMP and all assays were conducted in the linear range of 

1 5 the reaction. 

Compounds according to the invention such as the most potent 
compounds of the ExEunples herein cause a concentration-dependent 
inhibition of recombinant PDE IV at 0.1 - lOOOnM with little or no activity 
20 against PDE I, II, III or V at concentrations up to 1 0OjiM. 

2. The Elevation of cAMP in Leukocytes 

The effect of compounds of the invention on intracellular cAMP was 
investigated using human neutrophils or guinea pig eosinophils. 

25 Human neutrophils were separated from peripheral blood, incubated 

with dihydrocytochalasin B and the test compound for 10 min and 
then stimulated with FMLP. Guinea pig eosinophils were harvested 
by peritoneal lavage of animals previously treated with intra- 
peritoneal injections of human serum. Eosinophils were separated 

30 from the peritoneal exudate and incubated with isoprenaline and test 
compound. With both cell types, suspensions were centrifuged at the 
end of the incubation, the cell pellets were resuspended in buffer and 
boiled for 10 min prior to measurement of cAMP by specific 
radioimmunoassay (DuPont). 



35 
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The most potent compounds according to the Examples induced a 
concentration <lependent elevation of cAMP in neutrophils and/or 
eosinophils at concentrations of 0.1 nM to 1^M. 

^ ^' cXoundroHh^I^i'n!^^^^ were investigated for their effects on 
superoxide generation, chemotaxis and adhesion of neutrophils and 
eosinophils. Isolated leukocytes were incubated with dihydrocyto- 
chalasin B for superoxide generation only and test compound prior to 

1 0 ^ stimulation with FMLP. The most potent compounds of the Examples 
caused a concentration-dependent inhibition of superoxide 
generation, chemotaxis and adhesion at concentrations of O.lnM to 
1liM. 

15 Lipopolysaccharide (LPS)-induced synthesis of tumour necrosis 

factor (TNF) by human peripheral blood monocytes (PBM) is inhibited 
by compounds of the Examples at concentrations of 0,01 nM to IO^lM. 



Ai^vftrse Effects 

In general. In our tests above, compounds of the invention have I 
no observed toxic effects when administered to animals 
phamnacologically effective doses. 
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CLAIMS 



1 . A compound of formula (1 ) 



X-R' 




C{R^(R=)C(R«)(R^)(R^) 

wherein 

=W- Is (1) =C(Y)- where Y is a halogen atom, or an alkyi, or -XaRi 
group where Xa is -0-, -S(0)m- [where m is zero or an integer of 
value 1 or 2], or -N(R3)- [where is a hydrogen atom or an 
10 optionally substituted alkyI group] and R"" is an optionally substituted 

alkyl group or, (2) =N-; 

X is as described above for X^ or is a chain -CR=C(Rb)- or -[- 
CH(R)]q-CH(R'')- where R is a hydrogen or a fluorine atom or a 
methyl group, R'' is as described below for R2 and q is zero or the 

1 5 integer 1 ; 

R2 is (1) an optionally substituted alkyl. alkenyl, cycloalkyl or 
cycloalkenyl group when X Is -0-. -S(0)m- or -N(Rah or when X 
is -CR=C(Rb)- or -[-CH(R)]qCH(Rt')- jg (2) a hydrogen atom, or an 
optionally substituted straight or branched alkyl, alkenyl or aikynyl, 

20 alkoxy, alkylthio, -COaR^ (where R^ is a hydrogen atom or an 
optionally substituted alkyl. aryl or aralkyi group), -CONRiORii 
(where R^o and which may be the same or different is as 
described for R9), -CSNRiOR'"'', .qn or NO2 group; or R2 and Rb, 
together with the carbon atom to which they are both attached, are 

25 linked to fonn an optionally substituted cycloalkyl or cycloalkenyl 

group optionally containing one or more X^ atoms or groups; 
R3 is an atom or group R^^ or -UR^^ where U is a linkergroup and 
Ri3 is a halogen atom or an Alk"" [where Alk"" is an optionally 
substituted straight or branched Ci-e alkyl, Ca-ealkenyl or C2-6aIkynyl 

30 group optionally interrupted by one, two, or three -0-, or -S- atoms or 

-S(0)p-, [where p is an integer 1 or 2], or -N(Ra)- groups], or an 
amino (-NH2), substituted amino, nitro, cyano, hydroxyl (-0H), 
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substituted hydroxyl, cycloalkyl. cycloalkoxy, formyl IHC(0)-1. 
carboxyl (-CO2H). esterified carboxyl, thiol (-SH), substituted thiol, 
-C(0)Alki, .SO3H. -SOaAlkl. -SO2NH2. -SOaNHAIki. -S02N[Alk1]2. 
-SOaNHAr [where Ar Is as defined below for R6]. -S02N(Alkl)Ar. 
.CONH2 -CONHAIki. .C0N[Alkil2. -CONHAr. .CON(Alki)Ar. 
-NHSOz'h. -NAIklSOzH. -NHS02Alkl. .NAIklS02Alkl. 
-N[S02Alkil2 -N{Alki)S02N(Alki)Ar, .NHSO2NH2, 
.N(Alk1)S02NH2. -NHS02NHAIk1. -N(Alkl )S02NHAlk1. 
-NHSOzNIAIklk. -NA'kl S02N[Alkl]2. -NHSOzNHAr. 
-N(Alkl)S02NHAr. .NHS02N{Alki)Ar. -N(AIki)S02N(Alki)Ar. 
.NHC{0)Alki. .N(Alk1)C(0)Alk1. -N[C(0)Alkl]2. -NHC(0)OAIkl. 

-N(Alki)C(0)OAIk\ -Ar. -Het [where Het is a C5-7 heterooycloalkyi 

group], -CONHeti [where -NHeti is a C5.7 cycloamino group 

optionally containing one or more -O- or -S- atoms or -N(Ra). 

groups], -S02NHetl. -NHS02NHeti, -CSAIki. .CSNH2. -CSNHAIki, 

-CSN[Alkll2. -CSNHAr. .CSN{Alkl )Ar, .NHC(S)Alkl, 

-N(Alki)C(S)Alki, -CSNHet! group. .N[C(S)Alki I2. 

.N[C(0)Alk1]S02Alk1. -N[C(S)Alkl ]S02Alk1, -NHC{0)NH2. 

-NHC(0)NHAlkl. -NHC(0)N[Alkl ]2. .N(Alkl )C0NH2. 

-N(Alkl)C{0)NHAIkl, -N(Alkl )C(0)N[Alk1]2. -NHC(S)NH2 . 

-NHC(S)NHAIk1. .NHC(S)N[Alkl]2. -N(Alkl )CSNH2. 

-N(Alkl)C{S)NHAIki, or -N{Alki)C(S)N[Alki]2. group; 

R4 is a hydrogen atom or is as defined for R6; 

R5 is a hydrogen or a fluorine atom, or an ORc group where Rc is a 

hydrogen atom or an optionally substituted straight or branched alkyl. 

alkenyl, alkoxyalkyi, alkanoyl. formyl. carboxamido, thiocarboxamido, 

cycloalkyl, or cycloalkenyl group; 

R6 is a group -(CH2)nAr where Ar is an optionally substituted 
monocyclic or bicyclic aryl ring optionally interrupted by one or more 
heteroatoms -0-, -S- or -N- and n is zero or the integer 1 . 2 or 3; 
r7 and R8, which may be the same or different, is a hydrogen or a 
fluorine atom, or an optionally substituted straight or branched alkyl 
group; 

and the salts, solvates, prodrugs, hydrates and N-oxides thereof. 
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2. A compound according to Claim 1 wherein =W- is =C(XaR'>)- and X is 
-0-. -S(0)nr or -N(Ra)-. 

3. A compound according to Claim 1 or Claim 2 wherein R2 is an 
5 optionally substituted cyclopentyi group. 

4. A compound according to Claims 1 to 3 wherein R5, R7 and R^ is 
each a hydrogen atom. 

10 5. A compound according to Claims 1 to 4 wherein is a hydrogen 
atom or a phenyl or substituted phenyl group. 

6. A compound according to Claims 1 to 5 wherein Is an optionally 
substituted pyridyl group. 



15 



7. A compound according to any of the preceding claims v\rfierein R^ is 
a halogen atom, or an alkyi, aikenyl, alkynyl, aryl, araikyi, araikenyl, 
heteroaryl or heteroaralkyi group. 



20 8, A compound which is: 

4-[2-(5-Cyclopentyloxy-2-iodo-4-methoxyphenyl)etiiyl]pyridine; 
4-I2-(5-Cyclopentyloxy-4-methoxy-2-phenyl)ethyl]pyridine; 
4-{2-[5-Cyclopentyloxy-4-methoxy-2-(2-phenylethenyl)phenyl] 
ethyl}pyridine; 

25 4-{2-[5-Cyclopentyloxy-4-methoxy-2-(2-phenyIethyl)phenyl]ethyl} 
pyridine; 

4-{2-[5-Cyclopentyloxy-4-methoxy-2-(1-naphthyl)phenylIethyl} 
pyridine; 

4-{2-[5-Cyclopentyloxy-4-methoxy-2-(2-naphthyl)phenyl]ethyl} 
30 pyridine; 

4^2-[5-Cyclopentyloxy-4-methoxy-2-(3-pyridyl)phenyl]ethyi}pyridine; 
or each isomer or enantiomer, and/or the salts, hydrates, solvates, 
prodrugs and N*oxides thereof. 



35 9. 



A pharmaceutical composition comprising a compound of formula (1) 
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C(R^(R^)C(R^(R^)(R') 

wherein 

=W- Is (1) =C(Y)- where Y is a halogen atom, or an alkyl. or -XaR^ 
group where Xa Is -O-. -S(0)m- [where m is zero or an integer of 
5 value 1 or 2\. or -N(Ra)- [where Is a hydrogen atom or an 
optionally subsfituted alkyl group] and R1 is an optionally substituted 
alkyl group or, (2) =N-; 

X Is as described above for Xa or Is a chain -CR=C(Rb)- or 
CH(R)]q-CH(Rb)- where R is a hydrogen or a fluorine atom or a 
10 methyl group. R^ is as described below for R2 and q is zero or the 

integer 1 ; 

R2 is (1) an optionally substituted alkyl, alkenyl, cycloalkyi or 
cycloalkenyl group when X is -0-. -S(0)m- or -N(Ra)-; or when X 
is -CR=C(Rb)- or -[-CH(R)lqCH(Rb)- is (2) a hydrogen atom, or an 

15 optionally substituted straight or branched alkyl. alkenyl or alkynyi. 

alkoxy. alkylthio. -COaR^ (where R^ is a hydrogen atom or an 
optionally substituted alkyl, aryl or aralkyi group). -CONRiORH 
(where R^o and R""^ which may be the same or different is as 
described for R9). -CSNRiORii. .CN or NO2 group; or R2 and Rb, 

20 together with the carbon atom to which they are both attached, are 

linked to fomi an optionally substituted cycloalkyi or cycloalkenyl 
group optionally containing one or more Xa atoms or groups; 
R3 is an atom or group R^^ or -OR^^ where U Is a linker group and 
R13 is a halogen atom or an Alki [where Alk^ is an optionally 

25 substituted straight or branched Ci^ alkyl, C2^alkenyl or C2^alkynyl 

group optionally interrupted by one, two, or three -0-. or -S-.atoms or 
.S(0)p-. [wher&-p is an integer 1 or 2], or -N(Ra)- groups], or an 
amino (-NH2). substituted amino, nitro. cyano. h-ydroxyl (-0H), 
substituted hydroxyl. cycloalkyi. cycloalkoxy, formyl [HC(0)-1, 

30 carboxyl (-CO2H), esterlfied carboxyl, thiol (-SH), substituted thiol, 
-C(0)Alki. .SO3H. -S02Alk^ -SO2NH2. -SQaNHAIki. -S02N[Alk1]2. 
.S02NHAr [where Ar is as defined below for R6], -S02N(Alki )Ar, 
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-CONH2. -CONHAIkl. -CONIAIklh. -CONHAr. -CON(Alki)Ar. 

-NHSO2H. -NAIklSOaH. -NHSOgAIkl. -NAIklSOgAIki. 

-N[S02Alkll2 . -N(Alki)S02N(Alkl)Ar. -NHSO2NH2. 

-N(A!ki)S02NH2. -NHSO2 NHAIki. -N(AIkl )S02NHAIki. 
5 -NHS02N[AIkik. -NAIkl S02N[Alkll2. -NHSO2 NHAr. 

-N(AIkl)S02NHAr. -NHS02N(AIki)Ar. -N(Alki )S02N(Alki)Ar, 

-NHC(0)Alkl, .N{Alkl)C(0)Alkl. -NIC(0)Alkil2. -NHC(0)OAIki. 

-N(AIki)C(0)OAlk^ -Ar. -Het [where Het is a C5.7 heterocycloalkyl. 

group], -CONHet^ [where -NHeti is a C5.7 cycioamino group 
10 optionally containing one or more -O- or -S- atoms or -N(Ra)- 

groups], -S02NHeti. -NHS02NHeti. -CSAIki. .CSNH2. -CSNHAIki. 

-CSN[Alkl]2. -CSNHAr. -CSN(Alki )Ar, .NHC{S)Alki, 

-N(AIk">)C(S)Alk">. -CSNHeti group. -N[C(S)Alki k. 

-N[C(0)Alki]S02Alki . -N[C(S)Alki ]S02Alki . -N HC(0) N H2. 
15 -NHC{0)NHAIkl. .NHC(0)N[Alkl k. -N(Alki )C0NH2. 

-N(Alkl)C(0)NHAIkl. -N(Alkl )C(0)N[Alkik. -NHC(S)NH2. 

-NHC(S)NHAIkl, -NHC(S)N[Alk1k. -N(Alkl )CSNH2. 

-N(Alkl )C(S)NHAIki , or -N(Alkl )C(S)N[Alkl]2, group; 
Is a hydrogen atom or is as defined for R^; 
20 R5 Is a hydrogen or a fluorine atom, or an 0R° group where Rc is a . 

hydrogen atom or an optionally substituted straight or branched alkyi, 

alkenyl, alkoxyalkyl. alkanoyl. fonnyl, carboxamido. thiocarboxamido, 

cycloalkyi, or cycloalkenyl group; 

R6 is a group -(CH2)nAr where Ar is an optionally substituted 
25 monocyclic or bicyclic aryl ring optionally Interrupted by one or more 

heteroatoms -O, -S- or -N- and n is zero or the integer 1 , 2 or 3; 
R7 and R8. which may be the same or different, is a hydrogen or a 
fluorine atom, or an optionally substituted straight or branched alkyI 
group; 

30 and the salts, solvates, prodrugs, hydrates and N-oxides thereof. 

10. A process for the preparation of a compound of formula (1) 
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C(R^(R^)C(R*)(R^)(R°) 



.wrtierein 

=W- is (1) =C(Y)- where Y is a halogen atom, or an alkyi, or -X^R^ 
group where Xa is -0-. -S(0)m- [where m Is zero or an integer of 
value 1 or 2], or -N(Ra)- [where Ra is a hydrogen atom or an 
optionally substituted alkyl groupl and Ri is an optionally substituted 
alkyI group or. (2) =N-; 

X is as described above for Xa or is a chain -CR=C(Rb)- or 
CH{R)]q-CH(Rb)- where R is a hydrogen or a fluorine atom or a 
methyl group, R** is as described below for R2 and q is zero or the 
integer 1 ; 

R2 is (1) an optionally substituted alkyl. alkenyl. oycloalkyi or 
cycloalkenyl group when X is -0-. -S(0)m- or -N(Ra)-; or when X 
is -CR=C(Rb)- or -[-CH(R)lqCH(Rb)- is (2) a hydrogen atom, or an 
optionally substituted straight or branched alkyl, alkenyl or alkynyl, 
alkoxy, alkylthio, -COzR^ (where RS is a hydrogen atom or an 
optionally substituted alkyl, aryl or aralkyi group). -CONRiORi"" 
(where R^o and which may be the same or different is as 
described for R9). -CSNRiORii. -CN or NO2 group; or R2 and Rb. 
together with the carbon atom to which they are both attached, are 
linked to form an optionally substituted cycloalkyi or cycloalkenyl 
group optionally containing one or more Xa atoms or groups; 
R3 is an atom or group R''^ or -URi^ where U is a linker group and 
Ri3 is a halogen atom or an Alk^ [where Alki is an optionally 
substituted straight or branched Ci-e alkyl, Ca^alkenyl or Ca-ealkynyl 
group optionally intenijpted by one. two, or three -0-, or -S- atoms or 
-S(0)p-, [where p Is an integer 1 or 2], or -N(Ra)- groups], or an 
amino (-NH2), substituted amino, nitro, cyano, hydroxy! (-0H). 
substituted hydroxyl. cycloalkyi. cycloalkoxy. formyl [HC(0)-], 
carboxyl {-CO2H). esterified carboxyl, thiol (-SH), substituted thiol. 
-C(0)Alki, .SO3H, .S02Alkl. -SO2NH2. -S02NHAIkl, -S02N[Alkl k, 
-S02NHAr [where Ar is as defined below for R6], -S02N(Alki)Ar, 
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-CONH2. -CONHAIki. .C0N[AIki]2. -CONHAr. -CON(AIkl)Ar, 
-NHSO2H. -NAIklSOzH. -NHS02Alki. -NAIklS02Alkl, 
-NIS02Alkl]2 . -N(Alkl)S02N(Alki)Ar. -NHSO2NH2. 
-N(AIki)S02NH2. -NHS02NHAIkl. -N(Alki )S02NHAIk-«, 
5 -NHS02N[Alk1l2. -NAIkl S02N[AIkl]2. -NHS02NHAr. 

-N(Alkl)S02NHAr. -NHS02N(Alki)Ar. -N(AIki )S02N(Alki)Ar. 
-NHC(0)Alk1. -N(Alk1)C(0)Alkl. -N[C(0)Alkl]2. -NHC(0)OAIkl. 

-N(Alki)G{0)OAIki, -Ar, -Het [where Het is a C5.7 heterocycloalkyl 

group], -CONHeti [where -NHef is a C5.7 cycloamino group 
10 optionally containing one or more -0- or -S- atoms or -N(Ra)- 

groups], -S02NHef». -NHS02NHetl. -CSAIkl. -CSNH2. -CSNHAIki. 

-CSN[AIkl]2. -CSNHAr. -CSN(Alki )Ar. -NHC(S)Alkl, 

-N(Alki)C(S)AIki. -CSNHet! group. -N[C(S)Alki Ja. 

-N[C(0)Aikl]S02AIkl. -N[C(S)AIki ]S02Alkl, -NHC(0)NH2. 
15 -NHC(0)NHAIkl. -NHC(0)N[Alk1 k. -N (Alkl )C0NH2. 

-N(Alkl)C(0)NHAIkl. -N(Alkl )C(0)N[AIkl]2. -NHC(S)NH2. 

-NHC(S)NHAIk1, -NHC(S)N[Alk1]2, -N(Alki )CSNH2. 

-N(Alki)C(S)NHAIki. or-N(AIki)C{S)N[Alki]2. group; 

R4 is a hydrogen atom or is as defined for R^; 
20 R5 is a hydrogen or a fluorine atom, or an OR° group where Rc is a 

hydrogen atom or an optionally substituted straight or branched alkyi, 

alkenyl, alkoxyalkyi, alkanoyl, formyl, carboxamido, thiocait>oxamido, 

cycloalkyi, or cycloalkenyl group; 

r6 is a group -(CH2)nAr where Ar is an optionally substituted 
25 monocyclic or bicyclic aryl ring optionally interrupted by one or more 

heteroatoms -0-, -S- or -N- and n is zero or the integer 1 , 2 or 3; 
P7 and R^, which may be the same or different, is a hydrogen or a 
fluorine atom, or an optionally substituted straight or branched alkyI 
group; 

30 and the salts, solvates, prodrugs, hydrates and N-oxides thereof, 

which comprises in a final step 
a) cross-coupling an intermediate of fonnula (3) 
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Where Hal Is an Iodine or bromine atom 

with a coupling reagent to give a compound of fomiula (1) where R3 
is a group OB^^, 

b) hydrogenation of a compound of fonnula (1 6) 



XR^ 




3 CR*=C{R^R^ 



R"* (16) 

* 

to give a compound of fonnula (1) wherein RS and RS Is each a 
hydrogen atom; 

15 ' c) alkylation of a compound of fonnula (17) 




C(R^(R^)C(R^(R^)(R°) 

(17) 



where X is -0-. -S- or -N(Ra)- 
20 with a reagent R2L where L is a leaving group; 

d) coupling an intennediate of formula (1 9) 
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20 



C(0)R 



(19) 



wherein R is a hydrogen atom or a methyl group: 

with an olefination agent to give a compound of formula (1) wherein X 

is a chain -C(R)=C(Rt»)- in which R is a hydrogen atom or a methyl 

group. 

e) alkylation of a compound of formula (25) 




C(R^(R=)C(R^{R^)(R°) 

10 " (25) 

with a reagent R"" L where L is a leaving group to give a compound of 
fonnula (1 ) in which =W- is =C(ORi )-; 

15 f) halogenation of a compound of fomiula (4) 

xr2 




C(R*)(R=)C(R^(R^)(R«) 



to give a compound of fomiula (1) where R^ is a halogen atom; or 

g) interconverting a compound of fonnula (1) to another 
compound of formula (1) 
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